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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for producing a laminar lithium 
nickel manganese complex oxide powder, which has a high bulk density and is 
preferably used for the positive electrode active substance of lithium secondary cell. 
SOLUTION: A compression shear stress is applied to a laminar lithium nickel 
manganese complex oxide powder with a nickel atom [Ni] and a manganese atom [Mn] 
in a weight ratio [Ni/Mn] of 0.7 to 90 to obtain the product laminar lithium nickel 
manganese complex oxide powder. 
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* NOTICES * 

JPO and INPIT are not responsible £or any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the stratified lithium nickel manganese multiple oxide 
fine particles characterized by performing afler treatment which applies compression shearing 
stress to the stratified lithium nickel manganese multiple oxide fine particles which have the 
mole ratio [nickel/Mn] of a nickel atom [nickel] and a manganese atom [Mn] in the range of 0.7- 
9.0. ^ 

[Claim 2] The manufacture approach of stratified lithium nickel manganese multiple oxide fine 
particles according to claim 1 that stratified lithium nickel manganese multiple oxide fine 
particles are the multiple oxides expressed with the following general formula (I). 
[Formula 1] 

Lix Niy Mnz Q(l-Y-Z).02 (I) 

X are the number of 0< x<=L2 among [type (I), y and z are 0.7 <=y/z<=9.0 and a number which 
fills the relation of 0 <=l-y-z<=0.5, respectively, and Q shows one which is chosen fi-om the 
group which consists of Mg, aluminum, calcium, Fe, and Co of metal atoms. ] 
[Claim 3] The manufacture approach of claim 1 whose stratified lithium nickel manganese 
multiple oxide fine particles after after treatment are the things of specific surface area of 0.1- 
10.0m 2 / g by the BET adsorption method, or stratified lithium nickel manganese multiple oxide 
fine particles given in either of 2. 

[Claim 4] The manufacture approach of stratified lithium nickel manganese multiple oxide fine 
particles according to claim 1 to 3 that the stratified lithium nickel manganese multiple oxide 
fine particles after after treatment are things with a tap density of 0.8-3.0g [/cc ]. 
[Claim 5] The manufacture approach of stratified lithium nickel manganese multiple oxide fine 
particles according to claim 1 to 4 that the stratified lithium nickel manganese multiple oxide 
fine particles after after treatment are L 10 or more ratios [ to the tap density before the after 
treatment of the tap density ] things. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the manufacture approach of stratified lithium nickel manganese 
multiple oxide fine particles, especially this invention has whenever [ high bulk density ], and 
relates to the manufacture approach of suitable stratified lithium nickel manganese multiple 
oxide fine particles to use as positive active material of a lithium secondary battery. 
[0002] 

[Description of the Prior Art] Conventionally a lithium secondary battery is excellent in a high 
energy consistency, high power density, etc. Since-izing can be carried out [ a miniaturization 
and lightweight ], elongation rapid as a power source of pocket devices, such as a notebook sized 
personal computer, a cellular phone, and a handicap video camera, is shown. As positive active 
material of the lithium secondary battery A lithium, A multiple oxide with transition metals, such 
as cobalt, nickel, and manganese, for example, a lithium cobalt multiple oxide, lithium nickel 
complex oxide, a hthium manganese multiple oxide, etc. attracted attention from the cell 
property of high performance being acquired, and have resulted in utilization in part. 
[0003] Furthermore, economical efficiency etc. is taken into consideration for the purpose of the 
stabilization as a multiple oxide, high-capacity-izing as a cell, or amelioration of the cell property 
in an elevated temperature. Research of various kinds of multiple oxides which permuted some 
of those transition-metals atoms by other metal atoms is also advanced. In it The stratified 
lithium nickel manganese multiple oxide expressed with LiNil-x Mnx 02 (0< x<l) attracts 
attention. For example. Solid State Ionics 311-318 (1992), J.Mater.Chem.l 149-1 155 (1996), To 
J.Power Sources 629-633 (1997) and J.Power Sources 46-53 (1998) The synthetic example of 
the single phase of the stratified multiple oxide of 0<=x<=0.5 is reported, and the synthetic 
example of the single phase of x= 0.5, nickel/Mn=l [ i.e., ], is reported by 41st cell debate 2D20 
(2000). 

[0004] The dry process of, calcinating the source compound of a lithium, the source compound 
of transition metals like the above, etc. as the manufacture approach of these multiple oxides, on 
the other hand, for example, after grinding and mixing, or the slurry which media, such as water, 
were made to distribute the source compound of a lithium, the source compound of transition 
metals Uke the above, etc., and was ground and mixed — or Although there are approaches, such 
as a wet method of calcinating, after drying the slurry which media, such as water, were made to 
distribute and was mixed after grinding the source compound of a lithium, the source compound 
of transition metals like the above, etc. by spray drying etc. Since the multiple oxide fine 
particles obtained can be formed spherically and the fine particles of whenever [ high bulk 
density ] are easy to be obtained, it considers as the approach the direction of a latter wet method 
is excellent. 

[0005] According to this invention person's etc. examination, however, the stratified lithium 
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nickel manganese multiple oxide known conventionally Even if it is the multiple oxide 
manufactured by said wet method, as compared with a spinel mold multiple oxide etc., fine- 
particles bulk density is low. The sake, in order to secure energy capacity fixed when it uses for a 
positive electrode as positive active material — a cell ~ not enlarging — when it did not obtain 
and the cell was miniaturized, it became clear that it was what is inherent in problems ~ only low 
energy capacity is obtained. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention is made that said problem in the 
stratified lithium nickel manganese multiple oxide fine particles as a conventional technique 
should be solved, therefore this invention has whenever [ high bulk density ], and it aims at 
offering the manufacture approach of suitable stratified lithium nickel manganese multiple oxide 
fine particles to use as positive active material of a lithium secondary battery. 
[0007] 

[Means for Solving the Problem] this invention person etc. is what reached [ that said purpose 
can be attained by performing after treatment which applies specific stress to stratified lithium 
nickel manganese multiple oxide fine particles as a result of inquiring wholeheartedly that said 
technical problem should be solved, and ] header this invention. This invention to therefore, the 
stratified lithium nickel manganese multiple oxide fine particles which have the mole ratio 
[nickel/Mn] of a nickel atom [nickel] and a manganese atom [Mn] in the range of 0.7-9.0 Let the 
manufacture approach of stratified lithium nickel manganese multiple oxide fine particles of 
performing processing which applies compression shearing stress be a summary. 
[0008] 

[Embodiment of the Invention] As stratified lithium nickel manganese multiple oxide fine 
particles with which the after treatment mentioned later is presented in this invention At least the 
source compound of a lithium, the source compound of nickel, and the source compound of 
manganese Although it may be manufactured by the dry process to calcinate after grinding and 
mixing It is desirable to be manufactured by the wet method which is dried by spray drying and 
calcinates the slurry which was ground and mixed, and which contains the source compound of a 
lithium, the source compound of nickel, and the source compound of manganese at least. 
[0009] the distribution or the solubility to a medium [ in / as the source compound of a lithium, 
the source compound of nickel, and a source compound of manganese, each oxide of a lithium, 
nickel, and manganese, a hydroxide, a carbonate, a nitrate, a sulfate, an oxalate, carboxylate, an 
alkylation object, a halogenide, etc. are mentioned here, and / slurrying out of these ], the 
reactivity to a multiple oxide and NOx at the time of baking, and SOx etc. ~ it is chosen in 
consideration of un-generating nature etc. 

[0010] As the source compound of a lithium, specifically For example, Li2 O, LiOH, LiOH-H2 
O, and Li2 COB, LiN03, LiOCOCH3, Li3 3 (OCOC) H4 OH (lithium citrate), LiCH3, LiC two 
H5, LiCl, Lil, etc. are mentioned. In inside LiOH-H2 O, Li2 C03, LiN03, and LiCH3 C02 It is 
desirable and especially Li0H-H2 O is desirable, 

[001 1] As a source compound of nickel, moreover, specifically For example, NiC03, 2nickel 

(0H)2, and NiO, nickel (0H)2, NiOOH, and 4H2 O, nickel(N03)2.6H2 O, NiS04, NiS04 and 

6H2 O, and nickel(OCO) 2 and 2H2 O nickel (OCOCH3)2 and NiC12 It is mentioned, etc. - in 

inside NiCOS, 2nickel(OH)2 and NiO, nickel (0H)2, NiOOH, and 4H2 O, and NiC2 04 and 

2H2 O are desirable, and NiO, nickel (0H)2, and especially NiOOH are desirable. 

[0012] As a source of manganese, specifically Moreover, for example, Mn02 and Mn 203, Mn 

304, MnOOH, MnC03, Mn (N03)2, MnS04, Mn (OCOCH3)2, Mn (OCOCH3)3, MnC12, and 

MnCi3 It is mentioned, etc. ~ in inside Mn02, Mn 203, Mn 304, and MnOOH are desirable, 

and they are Mn02, Mn 203, and Mn 304. It is especially desirable. 

[0013] In addition, in said wet method made desirable as each compound of said source of a 
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lithium, the source of nickel, and the source of manganese, also when it dissociates to a cation 
and an anion and exists as a lithium cation, a nickel cation, or a manganese cation in a slurry 
medium the outside in the case of existing in a slurry medium in the state of a compound, it shall 
contain. 

[0014] Moreover, one which is chosen from the group which consists of the source compound of 

magnesium, the source compound of aluminum, the source compound of calcium, an iron source 
compound, and a source compound of cobalt besides said source compound of a lithium, the 
source compound of nickel, and the source compound of manganese as a source of a multiple 
oxide of the stratified lithium nickel manganese multiple oxide in this invention of compounds 
may be used further. 

[0015] Here as the source compound of magnesium, the source compound of aluminum, the 
source compound of calcium, an iron source compound, and a source compound of cobalt 
Although each oxide of magnesium, aluminum, calcium, iron, and cobalt, a hydroxide, a 
carbonate, a nitrate, a sulfate, an oxalate, a tungstate, carboxylate, an alkylation object, 
halogenation, carbide, etc. are mentioned the distribution or the solubility to the medium in 
slurrying out of these, the reactivity to a multiple oxide and NOx at the time of baking, and SOx 
etc. - it is chosen in consideration of un-generating nature etc. 

[0016] As the source compound of magnesium, specifically for example, Mg(N03) 2 and 
[ MgO, Mg (0H)2, and ] 6H2 O, MgS04, Mg(OCO) 2 and 2H20, Mg(0C0CH3) 2 and 4H2 O, 
and MgC12 It is mentioned, etc. - in inside MgO and Mg2 (OH) It is desirable and is Mg (0H)2. 
It is especially desirable. 

[0017] moreover — as the source compound of aluminum — concrete — for example, aluminum 
(N03) 3 and aluminum 203, aluminum (0H)3, AlOOH, and 9H2 O, Ai2 3 (S04), and A1C13 
etc. ~ it is mentioned, and aluminum 203, aluminum (0H)3, and AlOOH are desirable, and 
especially AlOOH is desirable in inside. 

[0018] As a source compound of calcium, moreover, specifically For example, CaO, calcium 
(0H)2, CaC03, calcium(N03) 2 and 4H2 O, CaS04 and 2H2 O, calcium(OCO) 2 and H2 O, 
CaW04, calcium(0C0CH3) 2 and H2 O, CaC12, and CaC2 etc. - it mentions - having - inside 
- CaO, calcium (0H)2, and CaC03 desirable - calcium (0H)2 It is especially desirable. 
[0019] As an iron source compound, specifically Moreover, for example, Fe 203 and Fe 304, Fe 
(N03)3 and FeOOH and 9H2 O, FeS04 and 7H2 0, Fe2 3 (S04) and nH2 O, Fe(0C0)2 and 
2H2 O, FeC12, and FeC13 It is mentioned, etc. « in inside Fe 203, Fe 304, and FeOOH are 
desirable, and Fe 203 and especially FeOOH are desirable. 

[0020] As a source compound of cobalt, moreover, specifically For example, CoO, Co 203, Co 
304, and Co (0H)2, Co(N03)2 and 6H2 O, Co(S04)2.7H2 0, Co(OCOCH3)2 and 4H2 O, and 
CoC12 etc. -- it mentions ~ having - inside CoO, Co 203, Co 304, and Co (0H)2 desirable 
Co (0H)2 It is especially desirable. 

[0021] In addition, in said source compound of magnesium, the source compound of aluminum, 
the source compound of calcium, an iron source compound, and the source compound of cobalt, 
the source compound of magnesium, the source compound of aluminum, and the source 
compound of cobalt are desirable, and the source compound of aluminum and especially the 
source compound of cobalt are desirable. Moreover, in said wet method made desirable also as 
each of these compounds, also when it dissociates to a cation and an anion and exists in a slurry 
medium as a magnesium cation, an aluminimi cation, a calcium cation, an iron cation, or a cobalt 
cation the outside in the case of existing in a slurry medium in the state of a compound, it shall 
contain. 

[0022] And the stratified lithium nickel manganese multiple oxide fine particles with which the 
after treatment mentioned later is presented in this invention require that the mole ratio 
[nickel/Mn] of a nickel atom [nickel] and a manganese atom [Mn] should be in the range of 0.7- 
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9.0, it is desirable that it is in the range of 0.8-1.2 as nickel/Mn, and it is [ it is still more 
desirable that it is in the range of 0.9-1.1, and ] desirable [ fine particles ] that it is especially in 
the range of 0.95-1.05. Under in said range, it becomes difficult to compound a stratified lithium 
nickel manganese multiple oxide with a single phase, and, on the other hand, the value of 
nickel/Mn becomes disadvantageous in respect of economical efficiency by said excess of the 
range. 

[0023] Moreover, in said wet method made desirable, said source compound of a lithium, the 
source.compound of nickel, and the source compound of manganese are contained at least. The 
need is accepted. Said source compound of magnesium, the source compound of aluminum. As a 
slurry containing one which is chosen fi-om the group which consists of the source compound of 
calcium, an iron source compound, and a source compound of cobalt of compounds or [ grinding 
and mixing by adding these compounds into media, such as water, using wet grinding mills, such 
as a medium stirring type grinder, ] - or After grinding these compounds using dry mills, such as 
a hammer mill, a roll mill, a ball mill, and a jet mill, it is prepared by the approach of mixing 
[ be / it / under / media /, such as water, / adding ], but it is desirable when a slurry with the 
uniform former approach pulverized and mixed in media, such as water, is obtained. 
[0024] Moreover, when setting to said wet method made desirable, usually considering as 12.5 
% of the weight or more preferably 10% of the weight or more when securing in the optimal 
range the fine-particles particle diameter formed of the spray drying mentioned later as solid 
content concentration with the whole compound in a slurry, and securing a uniform slurry, it may 
usually be 35 or less % of the weight preferably 50 or less % of the weight. 
[0025] Moreover, although the mean particle diameter of each compound in a slurry is 
controllable by the above-mentioned grinding mixing approach and its condition When securing 
whenever [ reactivity / in baking mentioned later /, and high bulk density ] as a value measured 
with laser diffraction / dispersion type particle-size-distribution measuring device Usually, it is 
referred to as 0.5 micrometers or less still more preferably, and 1 micrometer or less 0.05 
micrometers or more 2 micrometers or less is 0.01 micrometers or more usually preferably set to 
0.1 micrometers or more still more preferably from the field of economical efficiency. 
[0026] Moreover, as viscosity of a slurry, as a value measured with BM mold viscometer, when 
securing in the optimal range the fine-particles particle diameter formed of the spray drying 
mentioned later Usually, when carrying out to more than 200mPa(s) and a second still more 
preferably and securing the handling nature of a slurry more than lOOmPa(s) and a second 
preferably more than 50mPa(s) and a second, below 1600mPa(s) and a second take below 
2000mPa(s) and a second still more preferably preferably below usual 3000mPa and a second. 
[0027] Moreover, in said wet method made desirable, said slurry which was ground and mixed 
and which contains said source compound of a lithium, the source compound of nickel, and the 
source compound of manganese at least is dried by spray drying, and stratified lithium nickel 
manganese multiple oxide fine particles are manufactured by calcinating. 
[0028] Here, spray drying is the well-known drying method for making it dry quickly and 
obtaining fine particles, while carrying out spraying scattering of said slurry into the gas style 
heated by drop-izing and conveying by this gas style, and a rotary atomizer, a two fluid nozzle 
mold, or a 4 hydraulic-nozzle mold spray dryer is mentioned as the equipment, for example, 
moreover, air, nitrogen, etc. use as a pressurization gas at the time of drop-izing ~ having — as 
the gas linear velocity — usually — it is preferably made still more desirable in 300m/second or 
more a second 200m /or more a second 100m /or more, and usually carries out in lOOOm/second 
or less. Moreover, as a heated gas style, it considers as 70 degrees C or more preferably, and 50 
degrees C or more 120 degrees C or less are usually preferably made into the temperature of 100 
degrees C or less. * 

[0029] By this spray drying, the globular form fine particles as grinding mixture of each of said 
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compound are obtained. Although the mean particle diameter of the fine particles is controllable 
by the above-mentioned spraying approach, nozzle dimensions, pressurization gas jet velocity, 
the slurry speed of supply, heating gas style temperature, etc., as a value measured with laser 
diffraction / dispersion type particle-size-distribution measuring device, it is set to 30 
micrometers or less still more preferably, and is usually preferably set to 5 micrometers or more 
4 micrometers or more 50 micrometers or less. 

[0030] Within equipments, such as for example, a core box furnace, a tube furnace, a continuous 
furnace, and rotary kiln, under oxygen content gas, such as air, an oxygen gas ambient 
atmosphere, or inert gas ambient atmospheres, such as nitrogen and an argon, preferably, the fine 
particles obtained by said spray drying are heat-treated under oxygen content gas or an oxygen 
gas ambient atmosphere, and are calcinated. 

[0031] As a burning temperature in that case, when securing reactivity, when forming the 
stratified multiple oxide which considers as 800 degrees C or more still more preferably, and 
does not have a defect, 750 degrees C or more preferably 700 degrees C or more usually Usually, 
as heating time in that case, it considers as about 0.5 - 50 hours, and it is preferably desirable 
[ after heat-treatment ] in addition to cool [ which is made into 950 degrees C or less still more 
preferably ] slowly at the rate of the following by 5-degree-C/lOOO degrees C or less 1050 
degrees C or less. 

[0032] The manufacture approach of the stratified lithium nickel manganese muhiple oxide fine 
particles of this invention makes it indispensable to perform after treatment which applies 
compression shearing stress to the stratified lithium nickel manganese multiple oxide fine 
particles which were manufactured by carrying out like the above. 

[0033] While carrying out the load of compression and the shearing stress and compressing a 
fine-particles particle into a multiple oxide fine-particles particle here with the after treatment 
which applies compression shearing stress The processing which makes the so-called mechano 
fusion accompanied by the operation to which a particle front face is made to carry out remelting 
arrival of the fines generated when a part of front face of a fine-particles particle is deleted by the 
load stress discover is said. Specifically For example, a cylinder rotating drum, The 1st arm 
equipped with the press shear head of the semi-sphere configuration which is fixed to the medial 
axis in this drum, and touches the inner skin of a drum at a tip, A predetermined include angle is 
separated ahead [ of a rotating drum / rotatioii ], it is fixed to a medial axis, and processing is 
made using the processor which consisted of the 2nd arm equipped with the pawl of the shape of 
an acute angle which touches the inner skin of a drum at the tip. 

[0034] In this invention, "AM-15F" marketed from the HOSOKAWA chemical company, "AF- 
20FS", "AM-35F", "AM-60F", "AM-80F", "AM-1 lOF", etc. are mentioned as a processor used 
for this processing, for example. 

[0035] As for the stratified lithium nickel manganese multiple oxide in the manufacture approach 
of the stratified lithium nickel manganese multiple oxide fine particles of this invention, it is 
desirable that it is the multiple oxide expressed with the following general formula (I). 
[0036] 
[Formula 2] 

Lix Niy Mnz Q(l-Y-Z) 02 (I) 

[0037] X are the number of 0< x<=1.2 among [type (I), y and z are 0.7 <=y/z<=9.0 and a number 
which fills the relation of 0 <=l-y-z<=0.5, respectively, and Q shows one which is chosen from 
the group which consists of Mg, aluminum, calcium, Fe, and Co of metal atoms. ] 
[0038] In said formula (I), it is desirable that it is 0< x<=l.l, and x becomes unstable [ the 
crystal structure ] as a stratified multiple oxide in said excess of the range, and when it uses for a 
cell, it becomes the inclination which causes the fall of cell capacity. Moreover, it is desirable 
that it is 0.8 <=y/z<=1.2, it is still more desirable that it is 0.9 <=y/z<=l.l, and it is desirable that 
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it is especially 0.95 <=y/z<=1.05. It becomes a difficult inclination that y/z obtains a stratified 
multiple oxide with a single phase under in said range, and, on the other hand, it becomes 
disadvantageous in respect of economical efficiency by said excess of the range. Moreover, it is 
desirable that it is 0 <=l-y-z<=0.35, and it is still more desirable that it is 0 <=l-y-z<=0.25. In 
said excess of the range, when 1-y-z uses for a cell, it serves as an inclination which causes the 
fall of cell capacity. 

[0039] Moreover, as a value measured with laser diffraction / dispersion type particle- size- 
distribution measuring device, 0.02 micrometers or more of first [ an average of] particle 
diameter are 0.01 micrometers or more usually 0.1 micrometers or more still more preferably 
preferably, and 5 micrometers or less of stratified lithium nickel manganese multiple oxide fine 
particles by the manufacture approach of the stratified lithium nickel manganese multiple oxide 
fine particles of this invention are 30 micrometers or less usually a thing 25 micrometers or less 
still more preferably preferably, moreover, it is 4 micrometers or more preferably, and the 
second [ an average of] particle diameter is also that [ 40 micrometers or less ] preferably, and 
usually comes out 50 micrometers or less 1 micrometers or more. Moreover, the specific surface 
area by the BET adsorptioamethod is more than 4.0m2 / g preferably, and is usually as follows 
[ 8.0m2 / g ] preferably below 10.0m2 / g more than 0.1m2 / g. 

[0040] Moreover, 0.8g /or more of tap density after the 200 times tap as fine-particles pack 
density is [ cc ] LOg/cc or more still more preferably preferably, and 3.0g /or less of stratified 
lithium nickel manganese multiple oxide fine particles by the manufacture approach of the 
stratified lithium nickel manganese multiple oxide fine particles of this invention is [ cc ] a thing 
2.5g [/cc ] or less still more preferably preferably. And preferably, the ratio to the tap density 
before compression shear processing of the tap density becomes 1.15 or more still more 
preferably, and shows the remarkable amelioration effectiveness in bulk density 1.10 or more. In 
addition, although the amelioration effectiveness becomes remarkable so that this ratio is large, it 
is five or less ten or less especially practical. 

[0041] Since the stratified lithium nickel manganese multiple oxide fine particles by the 
manufacture approach of the stratified lithium nickel manganese multiple oxide fine particles of 
this invention have whenever [ high bulk density ], they are suitable to use as positive active 
material of a lithium secondary battery. 

[0042] The usage as positive active material of the lithium secondary battery of the stratified 
lithium nickel manganese multiple oxide fine particles obtained by the manufacture approach of 
this invention is conventionally based on a well-known approach. That is, after making a current 
collection body surface apply and dry the coating liquid which the stratified lithium nickel 
manganese multiple oxide fine particles of this invention as positive active material were added 
[ coating liquid ], and made the solvent distribute an electric conduction agent for them with a 
binder if needed, and nothing and this coating liquid, by performing consolidation processing by 
the 1 shaft press, a roll press, etc. preferably, a positive-active-material content layer is formed in 
a current collection body surface, and it considers as a positive electrode, 
[0043] As a binder used, here, for example Poly vinylidene fluoride, Resin, such as 
polytetrafluoroethylene, polymethylmethacrylate, and polyethylene, Styrene butadiene rubber, 
acrylonitrile-butadiene rubber, ethylene propylene rubber. High polymers, such as rubber, such 
as a fluororubber, other polyvinyl acetate, and a cellulose, again as an electric conduction agent 
Carbonaceous particles, such as amorphous carbon, such as carbon black, such as graphites, such 
as a natural graphite and an artificial graphite, and acetylene black, and needle coke, are 
mentioned, respectively. For example, as a solvent For example, ether system solvents, such as 
ethylene oxide and a tetrahydrofuran. Ketone solvent, such as a methyl ethyl ketone and a 
cyclohexanone, methyl acetate, Aprotic polar solvents, such as amine system solvents, such as 
ester solvent [, such as a methyl acrylate, ], diethyl triamine, N, and N-dimethylamino 
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propylamine, N-methyl pyrrolidone, dimethylformamide, and dimethylacetamide, etc. are 
mentioned. 

[0044] Moreover, as a charge collector, 1-1000 micrometers of 5-500-micrometer foils are 
usually preferably mentioned for thickness [ steel / aluminum, stainless steel, / nickel-plating ], 
and aluminium foil is desirable as a charge collector of a positive electrode. In addition, 1-1000 
micrometers of thickness of a positive-active-material content layer are usually preferably set to 
10-200 micrometers. 

[0045] Moreover, when the content rate of the positive active material in a positive-active- 
material content layer secures a cell property, such as cell capacity, when considering as 50 % of 
the weight or more still more preferably 30% of the weight or more preferably 10% of the weight 
or more and securing the mechanical strength as an electrode etc., it may usually 99.9 or less % 
of the weight usually be 95 or less % of the weight still more preferably 99 or less % of the 
weight preferably. Moreover, when the content rate of a binder secures the mechanical strength 
as an electrode etc., when considering as 5 % of the weight or more still more preferably 1% of 
the weight or more preferably 0. 1% of the weight or more and securing a cell property, such as 
cell capacity and conductivity, it may usually 80 or less % of the weight usually be 40 or less % 
of the weight still more preferably 60 or less % of the weight preferably. Moreover, when the 
content rate of an electric conduction agent secures a cell property, such as conductivity, when 
considering as 1 % of the weight or more still more preferably 0.1% of the weight or more 
preferably 0.01% of the weight or more and securing a cell property, such as cell capacity, it may 
usually 50 or less % of the weight usually be 15 or less % of the weight still more preferably 30 
or less % of the weight preferably. 

[0046] Moreover, after a negative electrode makes a current collection body surface apply and 
dry the coating liquid which made the solvent distribute a negative-electrode active material with 
a binder, and nothing and this coating liquid, by performing consolidation processing by the 1 
shaft press, a roll press, etc. preferably, it forms a negative-electrode active material content layer 
in a current collection body surface, and let it be a negative electrode. 
[0047] As a negative-electrode active material used, here, for example A lithium, a lithium 
aluminium alloy. The carbide of a graphite, and a coal system and petroleum system corks, the 
carbide of a coal system or a petroleum system pitch. Carbide, such as needle coke, pitch coke, 
phenol resin, and crystalline cellulose. Carbon black, such as fumace black and acetylene black, 
and SnO and Sn02, Snl-x Mx O (M is Hg, P, B, Si, germanium, or Sb, and x is 0<=x<l.) Sii3 
02 (0H)2 (M - Mg -) 2 and Sn3-x Mx 02 it is P, B, Si, germanium, Sb, or Mn, and x is 
0<=x<3. LiSi02, Si02, and LiSn02 etc. - it is mentioned and the same thing is mentioned [ in / 
in a binder a solvent, etc. / formation of said positive electrode ]. Moreover, as a charge collector, 
foils, such as copper, nickel, stainless steel, and nickel-plating steel, are mentioned, and copper 
foil is desirable as a charge collector of a negative electrode. 

[0048] And a Hthium secondary battery consists of the positive electrode which has a positive- 
active-material content layer in a current collection body surface, a negative electrode which has 
a negative-electrode active material content layer in a current collection body surface, an 
electrolyte layer, and a separator made to intervene between a positive electrode and a negative 
electrode if needed. 

[0049] As an electrolyte layer, the organic electrolytic solution made to dissolve an electrolyte in 
a solvent or a solid polymer electrolyte, a gel electrolyte, an inorganic solid electrolyte, etc. are 
used here, for example, and the organic electrolytic solution is desirable in inside. 
[0050] As an electrolyte in the organic electrolytic solution, for example LiCl, LiBr, LiC104, 
LiAsF6, LiPF6, LiBF4, and LiB (C six H5)4, LiCH3 S03, LiCF3 S03, and LiN (S02 CF3)2, 
LiN (S02 C two F5)2, LiN (S03 CF3)2, and LiC (S02 CF3)3 It is mentioned, etc. - as a solvent 
For example, diethylether, 1, 2-dimethoxyethane, 1, 2-diethoxy ethane, A tetrahydrofiiran, 2- 
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methyl tetrahydrofuran, 1,4-dioxane, Ether, such as 1, 3-dioxolane, the 4-methyl -1, and 3- 
dioxolane, Ketones, such as 4-methyl-2-pentanone, methyl formate, methyl acetate, Ester, such 
as methyl propionate, dimethyl carbonate, diethyl carbonate, Methylethyl carbonate, ethylene 
carbonate, propylene carbonate, Carbonate, such as butylene carbonate and vinylene carbonate 
Halogenated hydrocarbon, such as lactone, such as gamma-butyrolactone and gamma- 
valerolactone, and 1,2-dichloroethane Sulfolane system compounds, such as a sulfolane and a 
methyl sulfolane, an acetonitrile, Nitril, such as propionitrile, butyronitrile, valeronitrile, and a 
benzonitrile Aprotic polar solvents, such as phosphoric ester, such as amines, such as 
diethylamine, ethylenediamine, and triethanolamine, trimethyl phosphate, and phosphoric-acid 
triethyl, N.N-dimethylformamide, N-methyl pyrrolidone, and dimethyl sulfoxide, etc. are 
mentioned. 

[0051] Moreover, as a separator, the fine porosity fihn of macromolecules, such as polyolefines, 
such as polyethylene and polypropylene, poly vinylidene fluoride, polytetrafluoroethylene, 
polyester, a polyamide, polysulfone, a polyacrylonitrile, a cellulose, and cellulose acetate, is 
used. 
[0052] 

[Example] Hereafter, although an example explains this invention still more concretely, this 
invention is not limited to the following examples, unless the summary is exceeded. 
[0053] The Hthium-hydroxide monohydrate as a source compound of example of comparison 1 
lithium [LiOH-H2 O], The nickel hydroxide as a source compound of nickel [nickel (0H)2], The 
manganese sesquioxide [Mn 203] as a source compound of manganese by the mole ratio of each 
atom in the stratified lithium nickel manganese multiple oxide which can finally be obtained 
Lithium Atom [Li]: Nickel atom [nickel] : the amount used as manganese [atom Mn] 
=1.05:0.50:0.50 In addition to pure water, prepare the slurry of 12.5 % of the weight of solid 
content concentration, and while mixing using a circuit system medium stirring mold wet 
grinding mill (the "die no mill KD-20B mold" by the SHIMMARU enterprises company), this 
slurry Wet grinding was carried out for about 6 hours until the mean particle diameter of each 
compound in a slurry was set to 0.3 micrometers as a value measured with laser diffiraction / 
dispersion type particle-size-distribution measuring device. The viscosity of this slurry was 
290mPa(s) and a second as a value measured with BM mold viscometer. 
[0054] Subsequently, a spray dryer ("4 hydraulic-nozzle mold spray dryer" by Fujisaki Electric) 
is used for the obtained slurry. As opposed to the 90-degree C heating airstream which carried 
out the downflow in the amount of installation for 23m3/in the rectangular direction By 
calcinating the obtained fine-particles particle at 900 degrees C in air for 10 hours, after making 
it blow off from a nozzle with the linear velocity of 300m/second with pressurization air and 
making it dry by spray drying, by the mole ratio Lithium Atom [Li]: Nickel atom [nickel]: The 
stratified lithium nickel manganese multiple oxide fine particles of manganese [atom Mn] 
=1.05:0.50:0.50 were manufactured. 

[0055] The obtained stratified lithium nickel manganese multiple oxide fine particles were 
particles which have a **** globular form, and when the powder X diffraction was measured, it 
was checked that it is the stratified lithium nickel manganese multiple oxide of ********. 
Moreover, when the specific surface area by the BET adsorption method was measured using the 
fiiU automatic fine-particles specific-surface-area measuring device (the "AMS8000 mold" by 
Ohkurariken), they were 6.14m2 / g. Moreover, when the fine-particles pack density after putting 
in and carrying out the tap of about 5g of the obtained multiple oxide fine particles to a 10ml 
glass measuring cylinder 200 times was measured as tap density, it was 1.12g/cc. 
[0056] About 300g of the stratified lithium nickel manganese multiple oxide fine particles 
obtained in the example 1 of example 1 comparison was extracted, and after treatment was 
performed by applying compression shearing stress for 10 minutes by setting the rotational 
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frequency of inner piece to 2000rpm using "AM-20FS" by the HOSOKAWA chemical 
company. 

[0057] The obtained stratified Hthium nickel manganese multiple oxide fine particles were 
particles which have a **** globular form, and when the powder X diffraction was measured, it 
was checked that it is the stratified lithium nickel manganese multiple oxide of ********. 
[0058] Moreover, when specific surface area was measured by the same approach also in the 
example 1 of a comparison, they were 9.27m2 / g. Moreover, when the fine-particles pack 
density after putting in and carrying out the tap of about 5g of the obtained multiple oxide fine 
particles to a 10ml glass measuring cylinder 200 times was measured as tap density, it was 
1.49g/cc and the ratio to the tap density before grinding in the example 1 of a comparison was 
1.33. 

[0059] The stratified lithium nickel manganese muhiple oxide fine particles obtained in the 
example 1 of the application aforementioned comparison, and the example 1, The acetylene 
black as an electric conduction agent, and the polytetrafluoroethylene fine particles as a binder 
Mix in 75 % of the weight : 20 % of the weight : 5% of the weight of the amount which becomes 
comparatively, and it fabricates by the thickness firom which the weight with a diameter of 9mm 
when piercing circularly is set to about 8mg on a sheet. From this sheet, it pierced circularly and 
the positive electrode was produced with a diameter of 9mm by being stuck to one side of the 
expanded metal made from aluminum by pressure. This positive electrode is made into a trial 
pole, a coin eel is constructed by making a lithium metal into a counter electrode, and it is 
current density 0.2 mA/cm2 to this. Constant-current charge, i.e., the reaction to which a lithium 
ion is made to emit from a positive electrode, is performed by upper limit 4.3V. Subsequently 
Current density 0.2 mA/cm2 The initial charge capacity [Qs (C) (mAh/g)] and initial discharge 
capacity [Qs (D) (mAh/g)] per positive-active-material unit weight when performing the reaction 
occlusion of the lithium ion is carried out [ reaction ] to constant-current discharge, i.e., a 
positive electrode, by minimum 3.0V were measured. It is the initial discharge capacity [Qs (D) 
(mAh/g)] Current density 1 1 mA/cm2 With the measured discharge capacity [Qa (D) (mAh/g)], 
it was shown in Table 1. 

[0060] Moreover, those initial discharge capacity [Qs (D) (mAh/g)] and discharge capacity [Qa 
(D) (mAh/g)] were converted into per unit volume from said tap density, and were written 
together to Table 1 as initial discharge capacity [Qs* (D) (mAh/cc)] and a discharge capacity 
[Qa* (D) (mAh/cc)]. 
[0061] 
[Table 1] 
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[0062] From the resuh of the above example 1 of a comparison, and an example 1, the stratified 
lithium nickel manganese multiple oxide fine particles of the example 1 acquired by the 
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manufacture approach of this invention The amelioration effectiveness of the bulk density to the 
stratified multiple oxide of the example 1 of a comparison is large, and it is clear to have 
whenever [ high bulk density ]. Furthermore, the lithium secondary battery using the stratified 
Uthium nickel manganese multiple oxide fine particles of the example 1 acquired by the 
manufacture approach of this invention as positive active material fi:*om the result of an 
application It is clear to have an equivalent cell property per unit weight as compared with the 
case where the stratified multiple oxide of the example 1 of a comparison is used as positive 
active material, and to have not produced degradation on the cell property by compression shear 
processing etc., therefore it is clear to excel in the cell property per unit volume. 
[0063] 

[Effect of the Invention] According to this invention, it has whenever [ high bulk density ] and 
the approach of manufacturing suitable stratified lithium nickel manganese multiple oxide fine 
particles using as positive active material of a lithiimi secondary battery can be offered. 
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TECHNICAL FIELD 



[Field of the Invention] About the manufacture approach of stratified lithium nickel manganese 
multiple oxide fine particles, especially this invention has whenever [ high bulk density ], and 
relates to the manufacture approach of suitable stratified lithium nickel manganese multiple 
oxide fine particles to use as positive active material of a hthium secondary battery. 
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PRIOR ART 



[Description of the Prior Aft] Conventionally a lithium secondary battery is excellent in a high 
energy consistency, high power density, etc. Since-izing can be carried out [ a miniaturization 
and lightweight ], elongation rapid as a power source of pocket devices, such as a notebook sized 
personal computer, a cellular phone, and a handicap video camera, is shown. As positive active 
material of the lithium secondary battery A lithium, A multiple oxide with transition metals, such 
as cobalt, nickel, and manganese, for example, a lithium cobalt multiple oxide, lithium nickel 
complex, oxide, a lithium manganese multiple oxide, etc. attracted attention from the cell 
property of high performance being acquired, and have resulted in utilization in part. 
[0003] Furthermore, economical efficiency etc. is taken into consideration for the purpose of the 
stabilization as a multiple oxide, high-capacity-izing as a cell, or amelioration of the cell property 
in an elevated temperature. Research of various kinds of multiple oxides which permuted some 
of those transition-metals atoms by other metal atoms is also advanced. In it The stratified 
Hthium nickel manganese multiple oxide expressed with LiNil-x Mnx 02 (0< x<l) attracts 
attention. For example. Solid State Ionics 311-318 (1992), J.Mater.Chem.l 149-1 155 (1996), To 
J.Power Sources 629-633 (1997) and J.Power Sources 46-53 (1998) The synthetic example of 
the single phase of the stratified multiple oxide of 0<=x<=0.5 is reported, and the synthetic 
example of the single phase of x= 0.5, nickel/Mn=l [ i.e., ], is reported by 41st cell debate 2D20 
(2000). 

[0004] The dry process of, calcinating the source compound of a lithium, the source compound 
of transition metals like the above, etc. as the manufacture approach of these multiple oxides, on 
the other hand, for example, after grinding and mixing, or the slurry which media, such as water, 
were made to distribute the source compound of a lithium, the source compound of transition 
metals like the above, etc., and was ground and mixed - or Although there are approaches, such 
as a wet method of calcinating, after drying the slurry which media, such as water, were made to 
distribute and was mixed after grinding the source compound of a lithium, the source compound 
of transition metals like the above, etc. by spray drying etc. Since the multiple oxide fine 
particles obtained can be formed spherically and the fine particles of whenever [ high bulk 
density ] are easy to be obtained, it considers as the approach the direction of a latter.wet method 
is excellent. 

[0005] According to this invention person's etc. examination, however, the stratified lithium 
nickel manganese muhiple oxide known conventionally Even if it is the multiple oxide 
manufactured by said wet method, as compared with a spinel mold multiple oxide etc., fine- 
particles bulk density is low. The sake, in order to secure energy capacity fixed when it uses for a 
positive electrode as positive active material ~ a cell — not enlarging — when it did not obtain 
and the cell was miniaturized, it became clear that it was what is inherent in problems - only low 
energy capacity is obtained. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, it has whenever [ high bulk density ] and 
the approach of manufacturing suitable stratified lithiimi nickel manganese multiple oxide fine 
particles using as positive active material of a lithium secondary battery can be offered. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] This invention is made that said problem in the 
stratified lithium nickel manganese multiple oxide fine particles as a conventional technique 
should be solved, therefore this invention has whenever [ high bulk density ], and it aims at 
offering the manufacture approach of suitable stratified lithium nickel manganese multiple oxide . 
fine particles to use as positive active material of a lithium secondary battery. 
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MEANS 



[Means for Solving the Problem] this invention person etc. is what reached [ that said purpose 
can be attained by performing after treatment which applies specific stress to stratified hthium 
nickel manganese multiple oxide fine particles as a result of inquiring wholeheartedly that said 
technical problem should be solved, and ] header this invention. This invention to therefore, the 
stratified lithium nickel manganese multiple oxide fine particles which have the mole ratio 
[nickel/Mn] of a nickel atom [nickel] and a manganese atom [Mn] in the range of 0.7-9.0 Let the 
manufacture approach of stratified lithium nickel manganese multiple oxide fine particles of 
performing processing which applies compression shearing stress be a simimary. 
[0008] 

[Embodiment of the Invention] As stratified lithium nickel manganese multiple oxide fine 
particles with which the after treatment mentioned later is presented in this invention At least the 
source compound of a lithium, the source compound of nickel, and the source compound of 
manganese Although it may be manufactured by the dry process to calcinate after grinding and 
mixing It is desirable to be manufactured by the wet method which is dried by spray drying and 
calcinates the slurry which was ground and mixed, and which contains the source compound of a 
lithium, the source compound of nickel, and the source compound of manganese at least. 
[0009] the distribution or the solubility to a medium [ in / as the source compound of a lithium, 
the source compound of nickel, and a source compound of manganese, each oxide of a lithium, 
nickel, and manganese, a hydroxide, a carbonate, a nitrate, a sulfate, an oxalate, carboxylate, an 
alkylation object, a halogenide, etc. are mentioned here, and / slurrying out of these ], the 
reactivity to a multiple oxide and NOx at the time of baking, and SOx etc. — it is chosen in 
consideration of un-generating nature etc. 

[0010] As the source compound of a lithium, specifically For example, Li2 O, LiOH, LiOH-H2 
O, and Li2 COS, LiN03, LiOCOCHS, Li3 3 (OCOC) H4 OH (lithium citrate), LiCH3, LiC two 
H5, LiCl, Lil, etc. are mentioned. In inside LiOH-H2 O, Li2 C03, LiN03, and LiCH3 C02 It is 
desirable and especially LiOH-H2 O is desirable. 

[001 1] As a source compound of nickel, moreover, specifically For example, NiC03, 2nickel 

(0H)2, and NiO, nickel (0H)2, NiOOH, and 4H2 O, nickel(N03)2.6H2 O, NiS04, NiS04 and 

6H2 O, and nickel(OCO) 2 and 2H2 O nickel (OCOCH3)2 and NiC12 It is mentioned, etc. - in 

inside NiC03, 2nickel(OH)2 and NiO, nickel (0H)2, NiOOH, and 4H2 O, and NiC2 04 and 

2H2 O are desirable, and NiO, nickel (0H)2, and especially NiOOH are desirable. 

[0012] As a source of manganese, specifically Moreover, for example, Mn02 and Mn 203, Mn 

304, MnOOH, MnC03, Mn (N03)2, MnS04, Mn (OCOCH3)2, Mn (0C0CH3)3, MnC12, and 

MnCi3 It is mentioned, etc. - in inside Mn02, Mn 203, Mn 304, and MnOOH are desirable, 

and they are Mn02, Mn 203, and Mn 304. It is especially desirable. 

[0013] In addition, in said wet method made desirable as each compound of said source of a 

lithium, the source of nickel, and the source of manganese, also when it dissociates to a cation 
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and an anion and exists as a lithium cation, a nickel cation, or a manganese cation in a slurry 
medium the outside in the case of existing in a slurry medium in the state of a compound, it shall 
contain. 

[0014] Moreover, one which is chosen from the group which consists of the source compound of 
magnesium, the source compound of aluminum, the source compound of calcium, an iron source 
compound, and a source compound of cobalt besides said source compound of a hthium, the 
source compound of nickel, and the source compound of manganese as a source of a multiple 
oxide of the stratified lithium nickel manganese multiple oxide in this invention of compounds 
may be used further. 

[0015] Here as the source compound of magnesium, the source compound of aluminum, the 
source compound of calcium, an iron source compound, and a source compound of cobalt 
Although each oxide of magnesium, aluminum, calcium, iron, and cobalt, a hydroxide, a 
carbonate, a nitrate, a sulfate, an oxalate, a tungstate, carboxylate, an alkylation object, 
halogenation, carbide, etc. are mentioned the distribution or the solubility to the medium in 
slurrying out of these, the reactivity to a multiple oxide and NOx at the time of baking, and SOx 
etc. — it is chosen in consideration of un-generating nature etc. 

[0016] As the source compound of magnesium, specifically for example, Mg(N03) 2 and 
[ MgO, Mg (0H)2, and ] 6H2 O, MgS04, Mg(OCO) 2 and 2H20, Mg(0C0CH3) 2 and 4H2 O, 
and MgC12 It is mentioned, etc, - in inside MgO and Mg2 (OH) It is desirable and is Mg (0H)2. 
It is especially desirable. 

[0017] moreover ~ as the source compound of aluminum — concrete — for example, aluminum 
(N03) 3 and aluminum 203, aluminum (0H)3, AlOOH, and 9H2 O, Ai2 3 (S04), and A1C13 
etc. - it is mentioned, and aluminum 203, aluminum (0H)3, and AlOOH are desirable, and 
especially AlOOH is desirable in inside. 

[0018] As a source compound of calcium, moreover, specifically For example, CaO, calcium 
(0H)2, CaC03, calcium(N03) 2 and 4H2 O, CaS04 and 2H2 O, calcium(OCO) 2 and H2 O, 
CaW04, calcium(0C0CH3) 2 and H2 O, CaC12, and CaC2 etc. - it mentions -- having - inside 
- CaO, calcium (0H)2, and CaC03 desirable ~ calcium (0H)2 It is especially desirable. 
[0019] As an iron source compound, specifically Moreover, for example, Fe 203 and Fe 304, Fe 
(N03)3 and FeOOH and 9H2 O, FeS04 and 7H2 O, Fe2 3 (S04) and nH2 O, Fe(OCO)2 and 
2H2 O, FeC12, and FeC13 It is mentioned, etc. - in inside Fe 203, Fe 304, and FeOOH are 
desirable, and Fe 203 and especially FeOOH are desirable. 

[0020] As a source compound of cobalt, moreover, specifically For example, CoO, Co 203, Co 
304, and Co (0H)2, Co(N03)2 and 6H2 O, Co(S04)2.7H2 0, Co(OCOCH3)2 and 4H2 O, and 
CoC12 etc. ~ it mentions — having ~ inside - CoO, Co 203, Co 304, and Co (0H)2 desirable — 
Co (0H)2 It is especially desirable. 

[0021] In addition, in said source compound of magnesium, the source compound of aluminum, 
the source compound of calcium, an iron source compound, and the source compound of cobalt, 
the source compound of magnesium, the source compound of aluminum, and the source 
compound of cobalt are desirable, and the source compound of aluminimi and especially the 
source compound of cobalt are desirable. Moreover, in said wet method made desirable also as 
each of these compounds, also when it dissociates to a cation and an anion and exists in a slurry 
medium as a magnesium cation, an aluminum cation, a calcium cation, an iron cation, or a cobalt 
cation the outside in the case of existing in a slurry medium in the state of a compound, it shall 
contain. 

[0022] And the stratified lithium nickel manganese multiple oxide fine particles with which the 
after treatment mentioned later is presented in this invention require that the mole ratio 
[nickel/Mn] of a nickel atom [nickel] and a manganese atom [Mn] should be in the range of 0.7- 
9.0, it is desirable that it is in the range of 0.8-1.2 as nickel/Mn, and it is [ it is still more 
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desirable that it is in the range of 0.9-1 .1, and ] desirable [ fine particles ] that it is especially in 
the range of 0.95-1.05. Under in said range, it becomes difficult to compound a stratified lithium 
nickel manganese multiple oxide with a single phase, and, on the other hand, the value of 
nickel/Mn becomes disadvantageous in respect of economical efficiency by said excess of the 
range. 

[0023] Moreover, in said wet method made desirable, said source compound of a lithium, the 
source compound of nickel, and the source compound of manganese are contained at least. The 
need is accepted. Said source compound of magnesium, the source compound of aluminum, As a 
slurry containing one which is chosen firom the group which consists of the source compound of 
calcium, an iron source compound, and a source compound of cobalt of compounds or [ grinding 
and mixing by adding these compounds into media, such as water, using wet grinding mills, such 
as a medium stirring type grinder, ] ~ or After grinding these compounds using dry mills, such as 
a hammer mill, a roll mill, a ball mill, and a jet mill, it is prepared by the approach of mixing 
[ be / it / under / media /, such as water, / adding ], but it is desirable when a slurry with the 
uniform former approach pulverized and mixed in media, such as water, is obtained. 
[0024] Moreover, when setting to said wet method made desirable, usually considering as 12.5 
% of the weight or more preferably 10% of the weight or more when securing in the optimal 
range the fine-particles particle diameter formed of the spray drying mentioned later as solid 
content concentration with the whole compound in a slurry, and securing a uniform slurry, it may 
usually be 35 or less % of the weight preferably 50 or less % of the weight. 
[0025] Moreover, although the mean particle diameter of each compound in a slurry is 
controllable by the above-mentioned grinding mixing approach and its condition When securing 
whenever [ reactivity / in baking mentioned later /, and high bulk density ] as a value measured 
with laser diffraction / dispersion type particle-size-distribution measuring device Usually, it is 
referred to as 0.5 micrometers or less still more preferably, and 1 micrometer or less 0.05 
micrometers or more 2 micrometers or less is 0.01 micrometers or more usually preferably set to 
0.1 micrometers or more still more preferably from the field of economical efficiency. 
[0026] Moreover, as viscosity of a slurry, as a value measured with BM mold viscometer, when 
securing in the optimal range the fine-particles particle diameter formed of the spray drying 
mentioned later Usually, when carrying out to more than 200mPa(s) and a second still more 
preferably and securing the handling nature of a slurry more than lOOmPa(s) and a second 
preferably more than 50mPa(s) and a second, below 1600niPa(s) and a second take below 
2000mPa(s) and a second still more preferably preferably below usual 3000mPa and a second. 
[0027] Moreover, in said wet method made desirable, said slurry which was ground and mixed 
and which contains said source compound of a lithium, the source compound of nickel, and the 
source compound of manganese at least is dried by spray drying, and stratified lithium nickel 
manganese muhiple oxide fine particles are manufactured by calcinating. 
[0028] Here, spray drying is the well-known drying method for making it dry quickly and 
obtaining fine particles, while carrying out spraying scattering of said slurry into the gas style 
heated by drop-izing and conveying by this gas style, and a rotary atomizer, a two fluid nozzle 
mold, or a 4 hydrauHc-nozzle mold spray dryer is mentioned as the equipment, for example, 
moreover, air, nitrogen, etc. use as a pressurization gas at the time of drop-izing ~ having — as 
the gas linear velocity — usually ~ it is preferably made still more desirable in 300m/second or 
more a second 200m /or more a second 100m /or more, and usually carries out in lOOOm/second 
or less. Moreover, as a heated gas style, it considers as 70 degrees C or more preferably, and 50 
degrees C or more 120 degrees C or less are usually preferably made into the temperature of 100 
degrees C or less. 

[0029] By this spray drying, the globular form fine particles as grinding mixture of each of said 
compound are obtained. Although the mean particle diameter of the fine particles is controllable 
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by the above-mentioned spraying approach, nozzle dimensions, pressurization gas jet velocity, 

the slurry speed of supply, heating gas style temperature, etc., as a value measured with laser 
diffraction / dispersion type particle-size-distribution measuring device, it is set to 30 
micrometers or less still more preferably, and is usually preferably set to 5 micrometers or more 
4 micrometers or more 50 micrometers or less. 

[0030] Within equipments, such as for example, a core box furnace, a tube furnace, a continuous 
furnace, and rotary kiln, under oxygen content gas, such as air, an oxygen gas ambient 
atmosphere, or inert gas ambient atmospheres, such as nitrogen and an argon, preferably, the fine 
particles obtained by said spray drying are heat-treated under oxygen content gas or an oxygen 
gas ambient atmosphere, and are calcinated. 

[0031] As a buming temperature in that case, when securing reactivity, when forming the 
stratified multiple oxide which considers as 800 degrees C or more still more preferably, and 
does not have a defect, 750 degrees C or more preferably 700 degrees C or more usually Usually, 
as heating time in that case, it considers as about 0.5 - 50 hours, and it is preferably desirable 
[ after heat-treatment ] in addition to cool [ which is made into 950 degrees C or less still more 
preferably ] slowly at the rate of the following by 5-degree-C/lOOO degrees C or less 1050 
degrees C or less. 

[0032] The manufacture approach of the stratified lithium nickel manganese multiple oxide fine 
particles of this invention makes it indispensable to perform after treatment which applies 
compression shearing stress to the stratified lithium nickel manganese multiple oxide fine 
particles which were manufactured by carrying out like the above. 

[0033] While carrying out the load of compression and the shearing stress and compressing a 
fine-particles particle into a multiple oxide fine-particles particle here with the after treatment 
which applies compression shearing stress The processing which makes the so-called mechano 
fusion accompanied by the operation to which a particle front face is made to carry out remelting 
arrival of the fines generated when a part of fi*ont face of a fine-particles particle is deleted by the 
load stress discover is said. Specifically For example, a cylinder rotating drum, The 1st arm 
equipped with the press shear head of the semi-sphere configuration which is fixed to the medial 
axis in this drum, and touches the inner skin of a drum at a tip, A predetermined include angle is 
separated ahead [ of a rotating drum / rotation ], it is fixed to a medial axis, and processing is 
made using the processor which consisted of the 2nd arm equipped with the pawl of the shape of 
an acute angle which touches the inner skin of a drum at the tip. 

[0034] In this invention, "AM-15F" marketed fi-om the HOSOKAWA chemical company, "AF- 
20FS", "AM-35F", "AM-60F", "AM-80F", "AM-1 lOF", etc. are mentioned as a processor used 
for this processing, for example. 

[0035] As for the stratified lithium nickel manganese multiple oxide in the manufacture approach 
of the stratified Hthium nickel manganese multiple oxide fine particles of this invention, it is 
desirable that it is the multiple oxide expressed with the following general formula (I). 
[0036] 
[Formula 2] 

Lix Niy Mnz Q( 1 - Y-Z) 02 (I) 

[0037] X are the number of 0< x<=l .2 among [type (I), y and z are 0.7 <=y/z<=9.0 and a number 
which fills the relation of 0 <=l-y-z<=0.5, respectively, and Q shows one which is chosen from 
the group which consists of Mg, aluminum, calcium, Fe, and Co of metal atoms. ] 
[0038] In said formula (I), it is desirable that it is 0< x<=l.l, and x becomes unstable [ the 
crystal structure ] as a stratified multiple oxide in said excess of the range, and when it uses for a 
cell, it becomes the inclination which causes the fall of cell capacity. Moreover, it is desirable 
that it is 0.8 <=y/z<=1.2, it is still more desirable that it is 0.9 <=y/z<=l.l, and it is desirable that 
it is especially 0.95 <=y/z<=1.05. It becomes a difficult incHnation that y/z obtains a stratified 
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multiple oxide with a single phase under in said range, and, on the other hand, it becomes 
disadvantageous in respect of economical efficiency by said excess of the range. Moreover, it is 
desirable that it is 0 <=l-y-z<=0.35, and it is still more desirable that it is 0 <=l-y-z<=0.25. In 
said excess of the range, when 1-y-z uses for a cell, it serves as an inclination which causes the 
fall of cell capacity. 

[0039] Moreover, as a value measured with laser diffraction / dispersion type particle-size- 
distribution measuring device, 0.02 micrometers or more of first [ an average of] particle 
diameter are 0.01 micrometers or more usually 0.1 micrometers or more still more preferably 
preferably, and 5 micrometers or less of stratified lithium nickel manganese multiple oxide fine 
particles by the manufacture approach of the stratified lithium nickel manganese multiple oxide 
fine particles of this invention are 30 micrometers or less usually a thing 25 micrometers or less 
still more preferably preferably, moreover, it is 4 micrometers or more preferably, and the 
second [ an average of] particle diameter is also that [ 40 micrometers or less ] preferably, and 
usually comes out 50 micrometers or less 1 micrometers or more. Moreover, the specific surface 
area by the BET adsorption method is more than 4.0m2 / g preferably, and is usually as follows 
[ 8.0m2 / g ] preferably below 10.0m2 / g more than 0.1m2 / g. 

[0040] Moreover, 0.8g /or more of tap density after the 200 times tap as fme-particles pack 
density is [ cc ] l.Og/cc or more still more preferably preferably, and 3.0g /or less of stratified 
lithium nickel manganese multiple oxide fine particles by the manufacture approach of the 
stratified lithium nickel manganese muUiple oxide fine particles of this invention is [ cc ] a thing 
2.5g [/cc ] or less still more preferably preferably. And preferably, the ratio to the tap density 
before compression shear processing of the tap density becomes 1.15 or more still more 
preferably, and shows the remarkable ameUoration effectiveness in bulk density 1.10 or niore. In 
addition, although the amelioration effectiveness becomes remarkable so that this ratio is large, it 
is five or less ten or less especially practical. 

[0041] Since the stratified lithium nickel manganese multiple oxide fine particles by the 
manufacture approach of the stratified lithium nickel manganese multiple oxide fine particles of 
this invention have whenever [ high bulk density ], they are suitable to use as positive active 
material of a lithium secondary battery. 

[0042] The usage as positive active material of the lithium secondary battery of the stratified 
lithium nickel manganese multiple oxide fine particles obtained by the manufacture approach of 
this invention is conventionally based on a well-known approach. That is, after making a current 
collection body surface apply and dry the coating liquid which the stratified lithium nickel 
manganese multiple oxide fine particles of this invention as positive active material were added 
[ coating liquid ], and made the solvent distribute an electric conduction agent for them with a 
binder if needed, and nothing and this coating liquid, by performing consolidation processing by 
the 1 shaft press, a roll press, etc. preferably, a positive-active-material content layer is formed in 
a current collection body surface, and it considers as a positive electrode. 
[0043] As a binder used, here, for example Poly vinylidene fluoride, Resin, such as 
polytetrafluoroethylene, polymethylmethacrylate, and polyethylene, Styrene butadiene rubber, 
acrylonitrile-butadiene rubber, ethylene propylene rubber. High polymers, such as rubber, such 
as a fluororubber, other polyvinyl acetate, and a cellulose, again as an electric conduction agent 
Carbonaceous particles, such as amorphous carbon, such as carbon black, such as graphites, such 
as a natural graphite and an artificial graphite, and acetylene black, and needle coke, are 
mentioned, respectively. For example, as a solvent For example, ether system solvents, such as 
ethylene oxide and a tetrahydrofuran, Ketone solvent, such as a methyl ethyl ketone and a 
cyclohexanone, methyl acetate, Aprotic polar solvents, such as amine system solvents, such as 
ester solvent [, such as a methyl acrylate, ], diethyl triamine, N, and N-dimethylamino 
propylamine, N-methyl pyrrolidone, dimethylformamide, and dimethylacetamide, etc. are 
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mentioned. 

[0044] Moreover, as a charge collector, 1-1000 micrometers of 5-500-micrometer foils are 
usually preferably mentioned for thickness [ steel / aluminum, stainless steel, / nickel-plating ], 
and aluminium foil is desirable as a charge collector of a positive electrode. In addition, 1-1000 
micrometers of thickness of a positive-active-material content layer are usually preferably set to 
10-200 micrometers. 

[0045] Moreover, when the content rate of the positive active material in a positive-active- 
material content layer secures a cell property, such as cell capacity, when considering as 50 % of 
the weight or more still more preferably 30% of the weight or more preferably 10% of the weight 
or more and securing the mechanical strength as an electrode etc, it may usually 99.9 or less % 
of the weight usually be 95 or less % of the weight still more preferably 99 or less % of the 
weight preferably. Moreover, when the content rate of a binder secures the mechanical strength 
as an electrode etc., when considering as 5 % of the weight or more still more preferably 1% of 
the weight or more preferably 0.1% of the weight or more and securing a cell property, such as 
cell capacity and conductivity, it may usually 80 or less % of the weight usually be 40 or less % 
of the weight still more preferably 60 or less % of the weight preferably. Moreover, when the 
content rate of an electric conduction agent secures a cell property, such as conductivity, when 
considering as 1 % of the weight or more still more preferably 0.1% of the weight or more 
preferably 0.01% of the weight or more and securing a cell property, such as cell capacity, it may 
usually 50 or less % of the weight usually be 15 or less % of the weight still more preferably 30 
or less % of the weight preferably. 

[0046] Moreover, after a negative electrode makes a current collection body surface apply and 
dry the coating liquid which made the solvent distribute a negative-electrode active material with 
a binder, and nothing and this coating liquid, by performing consolidation processing by the 1 
shaft press, a roll press, etc. preferably, it forms a negative-electrode active material content layer 
in a current collection body surface, and let it be a negative electrode. 
[0047] As a negative-electrode active material used, here, for example A lithium, a lithium 
aluminium alloy, The carbide of a graphite, and a coal system and petroleum system corks, the 
carbide of a coal system or a petroleum system pitch, Carbide, such as needle coke, pitch coke, 
phenol resin, and crystalline cellulose, Carbon black, such as fiimace black and acetylene black, 
and SnO and Sn02, Snl-x Mx O (M is Hg, P, B, Si, germanium, or Sb, and x is 0<=x<l.) Sn3 
02 (0H)2 (M - Mg -) 2 and Sn3-x Mx 02 it is P, B, Si, germanium, Sb, or Mn, and x is 
0<=x<3. LiSi02, Si02, and LiSn02 etc. ~ it is mentioned and the same thing is mentioned [ in / 
in a binder a solvent, etc. / formation of said positive electrode ]. Moreover, as a charge collector, 
foils, such as copper, nickel, stainless steel, and nickel-plating steel, are mentioned, and copper 
foil is desirable as a charge collector of a negative electrode. 

[0048] And a lithium secondary battery consists of the positive electrode which has a positive- 
active-material content layer in a current collection body surface, a negative electrode which has 
a negative-electrode active material content layer in a current collection body surface, an 
electrolyte layer, and a separator made to intervene between a positive electrode and a negative 

electrode if needed. 

[0049] As an electrolyte layer, the organic electrolytic solution made to dissolve an electrolyte in 
a solvent or a solid polymer electrolyte, a gel electrolyte, an inorganic solid electrolyte, etc. are 
used here, for example, and the organic electrolytic solution is desirable in inside. 
[0050] As an electrolyte in the organic electrolytic solution, for example LiCl, LiBr, LiC104, 
LiAsF6, LiPF6, LiBF4, and LiB (C six H5)4, LiCH3 S03, LiCF3 S03, and LiN (S02 CF3)2, 
LiN (S02 C two F5)2, LiN (S03 CF3)2, and LiC (S02 CF3)3 It is mentioned, etc. - as a solvent 
For example, diethylether, 1, 2-dimethoxyethane, 1, 2-diethoxy ethane, A tetrahydrofuran, 2- 
methyl tetrahydrofuran, 1,4-dioxane, Ether, such as 1, 3-dioxolane, the 4-methyl -1, and 3- 
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dioxolane, Ketones, such as 4-methyl-2-pentanone, methyl formate, methyl acetate. Ester, such 
as methyl propionate, dimethyl carbonate, diethyl carbonate, Methylethyl carbonate, ethylene 
carbonate, propylene carbonate, Carbonate, such as butylene carbonate and vinylene carbonate 
Halogenated hydrocarbon, such as lactone, such as gamma-butyrolactone and gamma: 
valerolactone, and 1,2-dichloroethane Sulfolane system compounds, such as a sulfolane and a 
methyl sulfolane, an acetonitrile, Nitril, such as propionitrile, butyronitrile, valeronitrile, and a 
benzonitrile Aprotic polar solvents, such as phosphoric ester, such as amines, such as 
diethylamine, ethylenediamine, and triethanolamine, trimethyl phosphate, and phosphoric-acid 
triethyl, N.N-dimethylformamide, N-methyl pyrrolidone, and dimethyl sulfoxide, etc. are 
mentioned. 

[0051] Moreover, as a separator, the fine porosity film of macromolecules, such as polyolefines, 
such as polyethylene and polypropylene, poly vinylidene fluoride, polytetrafluoroethylene, 
polyester, a polyamide, polysulfone, a polyacrylonitrile, a cellulose, and cellulose acetate, is 
used. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] Hereafter, although an example explains this invention still more concretely, this 
invention is not limited to the following examples, unless the sunmiary is exceeded. 
[0053] The lithium-hydroxide monohydrate as a source compound of example of comparison 1 
lithium [LiOH-H2 O], The nickel hydroxide as a source compound of nickel [nickel (0H)2], The 
manganese sesquioxide [Mn 203] as a source compound of manganese by the mole ratio of each 
atom in the stratified litWum nickel manganese multiple oxide which can finally be obtained 
Lithium Atom, [Li]: Nickel atom [nickel] : the amount used as .manganese [atom Mn] 
=L05:0.50:0.50 In addition to pure water, prepare the slurry of 12.5 % of the weight of solid 
content concentration, and while mixing using a circuit system medium stirring mold wet 
grinding mill (the "die no mill KD-20B mold" by the SHIMMARU enterprises company), this 
slurry Wet grinding was carried out for about 6 hours until the mean particle diameter of each 
compound in a slurry was set to 0.3 micrometers as a value measured with laser diffraction / 
dispersion type particle-size-distribution measuring device. The viscosity of this slurry was 
290mPa(s) and a second as a value measured with BM mold viscometer. 
[0054] Subsequently, a spray dryer ("4 hydraulic-nozzle mold spray dryer" by Fujisaki Electric) 
is used for the obtained slurry. As opposed to the 90-degree C heating airstream which carried 
out the downflow in the amount of installation for 23m3/in the rectangular direction By 
calcinating the obtained fine-particles particle at 900 degrees C in air for 10 hours, after making 
it blow off fi-om a nozzle with the linear velocity of 300m/second with pressurization air and 
making it dry by spray drying, by the mole ratio Lithium Atom [Li]: Nickel atom [nickel]: The 
stratified lithium nickel manganese multiple oxide fine particles of manganese [atom Mn] 
=1 .05:0.50:0.50 were manufactured. 

[0055] The obtained stratified lithium nickel manganese multiple oxide fine particles were 
particles which have a **** globular form, and when the powder X diffiraction was measured, it 
was checked that it is the stratified lithium nickel manganese multiple oxide of ********. 
Moreover, when the specific surface area by the BET adsorption method was measured using the 
full automatic fine-particles specific-surface-area measuring device (the "AMS8000 mold" by 
Ohkurariken), they were 6.14m2 / g. Moreover, when the fine-particles pack density after putting 
in and carrying out the tap of about 5g of the obtained multiple oxide fine particles to a 10ml 
glass measuring cylinder 200 times was measured as tap density, it was 1.12g/cc. 
[0056] About 300g of the stratified hthium nickel manganese multiple oxide fine particles 
obtained in the example 1 of example 1 comparison was extracted, and after treatment was 
performed by applying compression shearing stress for 10 minutes by setting the rotational 
frequency of inner piece to 2000rpm using "AM-20FS" by the HOSOKAWA chemical 
company. 

[0057] The obtained stratified hthium nickel manganese multiple oxide fine particles were 
particles which have a **** globular form, and when the powder X diffiraction was measured, it 
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was checked that it is the stratified lithium nickel manganese multiple oxide of ********. 
[0058] Moreover, when specific surface area was measured by the same approach also in the 
example 1 of a comparison, they were 9.27m2 / g. Moreover, when the fine-particles pack 
density after putting in and carrying out the tap of about 5g of the obtained multiple oxide fine 
particles to a 10ml glass measuring cylinder 200 times was measured as tap density, it was 
1 .49g/cc and the ratio to the tap density before grinding in the example 1 of a comparison was 
1.33. 

[0059] The stratified Uthium nickel manganese multiple oxide fine particles obtained in the 
example 1 of the application aforementioned comparison, and the example 1, The acetylene 
black as an electric conduction agent, and the polytetrafluoroethylene fine particles as a binder 
Mix in 75 % of the weight : 20 % of the weight : 5% of the weight of the amount which becomes 
comparatively, and it fabricates by the thickness fi'om which the weight with a diameter of 9mm 
when piercing circularly is set to about 8mg on a sheet. From this sheet, it pierced circularly and 
the positive electrode was produced with a diameter of 9mm by being stuck to one side of the 
expanded metal made firom aluminum by pressure. This positive electrode is made into a trial 
pole, a coin eel is constructed by making a lithium metal into a counter electrode, and it is 
current density 0.2 mA/cm2 to this. Constant-current charge, i.e., the reaction to which a lithium 
ion is made to emit from a positive electrode, is performed by upper limit 4.3V. Subsequently 
Current density 0.2 mA/cm2 The initial charge capacity [Qs (C) (mAh/g)] and initial discharge 
capacity [Qs (D) (mAh/g)] per positive-active-material unit weight when performing the reaction 
occlusion of the lithium ion is carried out [ reaction ] to constant-current discharge, i.e., a 
positive electrode, by minimum 3.0V were measured. It is the initial discharge capacity [Qs (D) 
(mAh/g)] Current density 1 1 mA/cm2 With the measured discharge capacity [Qa (D) (mAh/g)], 
it was shown in Table 1 . 

[0060] Moreover, those initial discharge capacity [Qs (D) (mAh/g)] and discharge capacity [Qa 
(D) (mAh/g)] were converted into per unit volume from said tap density, and were written 
together to Table 1 as initial discharge capacity [Qs* (D) (mAh/cc)] and a discharge capacity 
[Qa' (D) (mAh/cc)]. 
[0061] 
[Table 1] 
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[0062] From the result of the above example 1 of a comparison, and an example 1, the stratified 
lithium nickel manganese multiple oxide fine particles of the example 1 acquired by the 
manufacture approach of this invention The amelioration effectiveness of the bulk density to the 
stratified multiple oxide of the example 1 of a comparison is large, and it is clear to have 
whenever [ high bulk density ]. Furthermore, the lithium secondary battery using the stratified 
lithium nickel manganese multiple oxide fine particles of the example 1 acquired by the 
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manufacture approach of this invention as positive active material from the result of an 
application It is clear to have an equivalent cell property per unit weight as compared with the 
case where the stratified multiple oxide of the example 1 of a comparison is used as positive 
active material, and to have not produced degradation on the cell property by compression shear 
processing etc., therefore it is clear to excel in the cell property per imit volume. 



[Translation done.] 
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(2000)t-(i, x = 0. 5, fiP*>N i/Mn=lfiO#-ffl 

[ 0 0 0 4 ] -:tr. zti^<7)m^mmmm-mb i 

-^mmt sr yi<.mmmzm^-*tmmm-^ uzx y 
mit-^mimuzm. yHmmmz^m^-^m^ 

B^SaS^tcJ: OI£jiS*-tf*. m 

fMimmzmf&x'^ , »y^m&<mmmhii^\^z 
bi)^^. ^mjmr)iji3<m&ijmb^tix\^i. 

[000 5] L*^L:5:*^'<^. *^^BM^<7)1^rf(cJ;.5. 

fc, mm\htix\^im^u^^j^~ y'>-)i--7y:^'ym 
-^mimni. mii.m^mizX'yxmM^tiim^Mim 

izbmmuz, 

[0006] 

[mmmixobi-mm] ^^ma. mmb 
ixm^ ^ji-^j^--y y^ym^mitmmz 
mhmmmim:i-^<^j:^tifzh<r,x'h^x, m 

'7y/fym'^mitmi^<7)mm-j}mmmt^z b^s 
mb-ti. 

[0007] 

mm^mm-fifzM^m :^wMm±, mtmm 
imm■^<mmtlfz^&Mi^. mwj^^j^- yy/u 

'7y:ffy^-^tmiiim&5:hi:Ml&mmi:m 

tzbizx-yxmmsmm&iX'^?>zbi:M.tiit*^ 

mizimifzi,<r>X\ m^x. - y^^yi^K^ 

nD*iO. 7-9. 6c04EHt3!>l.®^^Uf-'>i^--yir 
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[0008] 

'rm.'fL^b'^yi^ymc^b ^^-M-thx^ u- 10 

[ 0 0 0 9 ] t', y f-n? AjS^k-^iH . -/ 'r}Vmt 

-m'^yiiywt^hvt:\t. :i-y 

ME!cB#(Cfc{tl.NOx . so. #01^^ 
. :ttt^5:#itttSitRS^tl.. ' 20 
[0010] •ecO'Jf-'^Ajlg'fk^i: LTJS, :ft«cWt: 
{i. C?i)ttt\ Liz O, L i OH. L i OH • Hz O, 
Li2 CO3 , LiN03 , LiOCOCHs , Lis 
(OCOC) 3 H4 OH (^'xyRDf-'^A) , L iC 
H3 . L i Cz Hs , L i C 1 , L i I 
tft', LiOH • H2 O. Li2 CO3 . LiN03. 
L i C H3 CO2 tmt L< , L i OH • H2 Oif^\,Z 

( 0 0 1 n X, --yirm^t-kmb LXli. Mmiz 
{i. fi?IJt(4\ N i 0. N i (OH) 2 , N i OOH, N 30 

1 CO3 ■ 2N i (OH) 2 • 4H2 O. N i (N 
O3 ) 2 • 6H2 O, N i SO4 , N i SO4 • 6H2 
O, N i (OCO) 2 • 2H2 O. N i (OCOCH 
3 ) 2 . N i C 1 2 WW^>iX, ^X\ N i O, N i 

(OH) 2 , N i OOH, N i CO3 •2Ni(0H) 

2 • 4H2 O, N i C2 O4 • 2H2 0*W^L< , N 
iO. Ni (OH) 2 . N i OOH*^'t$tif^LV\ 

[ 0 0 1 2 ] X. '7y:ffymt Lxii. Mimui. m 

Hi. Mn02 , Mn2 O3 . Mn3 O4 . MnOO 
H. MnC03 , Mn (NO3 ) 2 , MnS04 . Mn 40 
(OCOCH3 ) 2 . Mn (OCOCH3 ) 3 . MnC 

I2 , MnC i3 ^ipmi'f^il. Mn02 , Mn 

2 O3 , Mn3 O4 , MnOOH>^W^L.<. Mn 
Oz, Mn2 O3 . Mns O4 i)mizMtL\''>, 

[0 0 1 3 ] i^i. mi*Ji-^j>sm. -y^fm. 

y:^'ym<r>ML-^^tLX\i., S^Lv^fc-r^miBSst 
ffitcfcv^-C. it-^m<omX':>.y')-Um^z^-th 

mL. V^^J^:^^ty. ~'yy>U:^^^y, ggv^tiv 

y>ffy/ji-::fybLX^ti>^histstcobti. 50 
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[00 14] X. *l6Hjtfc(tsa*tU^'>A-'y^;l/ 

'?y:^ym^mtmm^mimmb L-cji., mivi- 

[00 15] ;<iT-, -^/^^i^n^AMb-^, ryi^S- 

mi^. mmM.. Wim&. mmm. i'yyx^ym 
<i. ^i\^Tr^ymy. Tiv^Mm. ^^^yy^t. mm 
mifimf^ti?,ifi. ztihco'^ti^^. x^v-mzm 

MfSB^tcfcttsNo. . so. m<n4^m.^^i 
^^Lxmmtih. 

[0016] i(r>-7if^^'y^J^m-{t-^^b LTJi. m 
mz\i. mt\f. MgO, Mg (OH) 2 , Mg (NO 

3) 2- 6H2 O. MgS04 . Mg (OCO) 2 • 2 
H2O, Mg (OCOCH3 ) 2 ■ 4H2 O. MgC 1 

2 mti^mihti. ^x\ Mgo, Mg (OH) 2 ifiut 

t<. Mg (0H)2 mzMthw 

[ 0 0 1 7 ] X, TJv^-'^j^U'i^^b tffi. m 

Wt(±. A I 2 O3 . A 1 (OH) 3 . A I O 

OH, A 1 (NO3 ) 3 • 9H2 O. A i2 (SO4 ) 

3 , A 1 01 3 mtmi(:,ti. A 1 2 O3 . A 1 
(OH) 3 , A100H*5»*L<, A100HA«|#t 

[ 0 0 1 8 ] X. iDV'y^J^mt^b LX\i. 
Wi, mt\i. CaO. Ca (OH) 2 , CaCOs , 
Ca (NO3 )2 •4H2 O, CaS04 • 2H2 O. 
Ca (OCO) 2 • H2 O, CaW04 . Ca (OCO 
CH3 )2 ■ H2 O, CaCl2 . CaC2 mtmft> 
fl, 4'T', CaO, Ca (OH) 2 , CaCOs 

L<, Ca (OH) 2 mznttw 

[ 0 0 1 9 ] X. mM.it^b LT<±. M.^mz\,i. m 

Hi. Fe2 O3 . Fes O4 , FeOOH, Fe (N 
O3 ) 3 ■ 9H2 O, FeS04 • 7H2 O, Fe 
2 (SO4 ) 3 • nH2 O, Fe (OCO) 2 • 2H2 
O, FeCl2 , FeCl3 ^ifimft>1x. ^*X\ F e 
2 O3 , Fes O4 , FeOOH*<Jf^L<. Fez O 
3, FeOOH*5!|tt$f^ LV\ 

[ 0 0 2 0 1 X, zijn\.hmit-^mb txii. mmiz 

ti, MHi. CoO, C02 O3 , Co3 O4 , Co 

(OH)2.Co(N03)2 •6H2 0.Co(SO 

4) 2- 7H2 0, Co (OCOCH3 ) 2 • 4H 

2 o, C0CI2 mi^mfhti. tf-c, CoO, C02 

03 , Co3 O4 , Co (OH) 2 *<jSF*L-<, Co 

(OH) 2 mizmu\ 
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[0021]^. B5fB^/^- j^'^AWb-^, r;i-s- tLht-ri., 

i-^J^m^it-^^. :iJ<)l'hm-it-^mmi,znt U\ 5 OmP a • mXt. Jf^ L<{i 1 0 OmP a • 

X. Ztl(3<D^t-^^blX{,. mi^^ttmaS ±. l!t::»ilL<Ji2 0 0mPa -^WitL. X, X 

^atCfcV^T. it-^<0^mX':^y 'J-M^+t^fftf 7 y-«OJRfiMt^il«-r«.±T% 51^3 0 0 OmP a • 
h^m. iJ-m+t-;*^^!-^^ r-^y ttc L<{i:2 0 0 OmP a • 

MliL. r)V^~^l^fl'i-i( L<<416 00mPa • SfjaTttl.. 

fDVi^'^i^ij^i^y. 'Si.-h'^-^y. g5v^l43A>h 10 [0 0 27 ] X, U^ffl.1ineS5tffifc:fcl^T 

[ 0 0 2 2 ] t-c. *^Bfl(wfcv>T<4. m^hWh ^h-'j'Dvmt'^^t-^yiiyw^^'mh ^is-^-ri 

m^zmttmwJi•^J»=^'y■yJU'?y^y^■^mitm mixyo-^. fmnmizx*)^m^-t. m-t^z 

mi. --y^/nsi^ CN i : k'?y:^ym^ cwn ] t tizx K)m^Oi-^j^--y>-/i'?yyffym^iSiitm# 

0^;^Jt CNi/MnD A^O. 7-9. OiOleHlc*^ A^'Sit^ilS. 

::i:*^'iejSt-J>'5, Ni/MnfcLTO. 8-1. 2C0 [0 0 28] ZZX\ mS^i^tii. WiBXy>J-im 

mzh&<^«t L < , 0 . 9- 1 . 1 (Dimizhh mtixtaf^^titi^m.'ii^m.wm^-^t. mmm 

<of}mzmi<. 0. 9 5-1. 05cr>m^zh^<r> ximi^i^^^MMiz^m^-^xnmm'^mmm 

mizm N i /M n<7)ffl5&iB?iE^H*)l-C't4. ffit'* 0 , -fcollffli: a-:? «J -r h 

[0023JX. ifiLl^tt^fltfieSs^tCfeV^-C. tLTti. il^l OOm/^ULh. »ilL<{4200m 

ii^^:< fc t,fneU^':/Ailg-fb-^i:->/^;l'Si^k^!t*li: ^-IJLh, Stc:*Fi L<{43 0 0 m/^'ULhfc ilS 

•7y;r»M^b^!H>It , tT . MB-?/ l O 0 0 m/mXftth . X. M^^ix^^cMtlccfit I 

^-v'>Ajii<b-&!t5!i, r/PS-'^Aji^b-^itsj. /rn-i^^A xa. ilSSS O-CliLh. Kf^ t<<47 O-CWit L, 1 

M-nL-^Vx. mm-it^. at/:3>'N';|/ h jgft^*»^.:5rS ^ i 2 O^COT, »^ L< {4 1 0 O-COTOjSJKt-f 

fc tT«4, ym<^i^i¥^i,zzti^<7)it^minl, [0029] zco^m^mizj: 0 , mi^t-^'^mv;^ 

[0024] X, ifS Ll,^i:-ri,frlB?^^lc*5V^-C, ISUb, L<{45//mia±i:-rS« 

X7U-4't;:iiftl.-fb^tt^#c{cJ:.?.ia?g^?IUSi: LT [ 0 0 3 0 ] fiieifi^l^^tcJ: 0^#^>i^/t«iWi. 0iU 

J4. \mthmtmk\,zi.mwL'^ixh^m.=f-mm. mm. '^^w. yy^^iw. u—9')-^ivym 
<m 2. 5aa%ULhi:t. X. i^-^x7'j-2rw 40 MT^ x(4, Mig. r)v^y^(r>y\-mLiixwm.y. 

[ 0 0 2 5 ] X. :^ 7 'J -4>ic:i3ft*#^ti^!fllO¥^m [003 1 ] -fcO^c^M^iSSi: tXii. RjCttSrffift 

?>zki}^x'$ hifi. v-^-mt5x/m.-mm-^m^ ±. istcs^ kws 0 orjjuii: l, x, mho^st^^ 

Sfflicj: oiJ^L^^cttt UT , ^mfim^\,zmhK mm.-^mmmm-hi.x\ 31?^ 1 0 5 o^ot, 

Ctt. St^S^??jg2rilSl-ri.±t\ ji;t2^tmOT. iFS L<{4 1 0 0 O'COT, StCif^ U<{49 5 OX:W 
iML<{41)umOT. JSCif^KtiO. S^emOT . Tb-th. ^<mffyism^tLX\i.. 0. 5-5 

t X. ^^offlA»tf>, fflso . 0 1 xxmtLh, $f o^^m^t L, jD^jaSI^. 5'C/^J-OT<oaLet1* 

^L<J40. 05x<mKLt.. SgCC*f*L.<{40. \ 50 J#t^<0**Sf * 
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[0 0 3 2]^^mcom^Vi-'^J:^~y^)l''7y:^ym @*^\a^0. OlummL. ntL<liO. 02Mm 

^immm^ifmn. iiLkm< bxmm^tifz int. mzmKno. iMmmiX-ho. m-^so 

[00 33] zzx\ smnmmfii:Mx.itmmt Mmoi.. mt<ii4um&±x'$i^ . m^soum 

i±. m^mm^im'f^zEmRx/nmmti^mLx ot. m L<ii4 0MmaT<r)tx'X'hh. x. be 

me^S'ffiBS-ri.fcftt. ^<ommizx*)^m. Tmizx^ammijf. m^o. im^ /svxt. m 

'F(r)mm<r>-^m]i^tiizbizx^%±tmmn kha. om^ /smx-h'o, a^io. om^ / 

'J 3 yim,^^h9m^m\^. mui. lo [ o o 4 o ] ^^mmm •/ 'dv^vh 

vimitifHiT-j^t . mKi\'yM.<Dmmmm^ oom^? ^vr^m^ yrmmK mi<iio. as/ 

nmirnxx'^-mizm^^ix. 9i^^izvyj^mmm cc&±.ntzmb<iti. og/ccuii-cAo., 

i,zi^timi^<Dj\[^mifzm2T-j=.tx'mm^tifc: ntKus. os/cci:xf,mt,zmL<it2. s 

j&a^ss-ffloTsas^^'^^iii.. g/ccj^iTcotco-c*)!.. -eLt, -to^' /rs^Sco 

[0034] ^^Bfltfet^T . z<mmizm\'^(:>iiim smmmmco^ y rmmzM-tiit/if. mtKn 

mmmttxii. miti. t^v:^'7iriA;mx'^T^m i. ioa±.mzntL<iii. i5mLt^j:-ox. 

$^tTV^S TAM-l 5Fj . rAF-20FSj, SWffit;fcttl.^i^=S:K^5!)«^^-rtcOt 
rAM-35Fj. TAM-eOFj. TaM-SO 20 Z<7)lti}^:k^K\m. <!&^^^*^mt^j:lt<. MmiZ 

Fj. TAM-iioFj m^mfhtii. ii loar. mza 5 i^jTx-hi . 

[0035] :^^m<^mWJ i-^yj^-y y>\^-?y:^ym [004 1 ] :^^m<^M^Vi-'^M.--y^/l''7y:^y^ 

■^mmmmmijmizmhm^j ^^k-^v'dv m.\tWi^<rm^-Hmzi.hmm^'^h.-''j'r)V'7 

•^yiiym.-m.mAt. Tia-«^ ( i ) xm^h^ yay^-kmmmt. c: fc . 

^mmr:hh<r>m-t\.\^. ^)'i-'^J^-d!^<r)WmS^b\Jxm^UzmkX:h 

[0036] 

\.\t2\ [0042] *^BH<^iSg:^r«tcj:0#^»ni.i«i;^ 

Li, Niy Mnz Qd-v-z) O2 (I) "^^--y ^^;l^vy;>!?>1g-^^^bftS}*<50y^'>jU-<J:« 

[0037] Cjt(r)4', x{i, 0 < X g 1 . 2 c7)^ «fi«iEfigvSWt fC<7)fSI8fit{i. t^^^^co^rffilcj; 
t'S)*). ySt>'z(im-fix. 0. 7gy/zg9. 30 I.. fi|I*>. iEffi»Mt tTO*|&BBcOl*^ 

0, &t^, o^i-y-zso. 5<m^mmm: y'rtv-^yayiikmmm^-k.^^bnz.m 

Qt±, Mg, Ai , ca. Fe. mcot-fy^j: i,zmtxmmm\ii . mmz^^^^tzm^mt-^j: 

[0038] ifrfEit ( I ) {cfci^T. o<xs 1 . 1 f ^ t<{i-wrux^Q-;uru;^^jcj: ^Emvism 

$)i(7)mt i<\ ^mmmimx'ii. mm^-km Srff^ ztizx'o. MmimmiziEmmsm-ttm^m 
imt ixm^Bmmm^^b^j:^! . mm^zm^t.: isl, lEmt . 

i>zmm^Mcoi&TiB\^mztmifl}t^j:i. x, o. s [0043] m\-^(:>tLiii^mibbxii. mi 

^1. lT'J)l.cO!i;«M(Cif^ L<. 0. 95gy/zg xf-W^, ^'J;<^;M^'^UP-h, ;K'Jxf-l/yaf 

1. 0 5-CJ>ScO*<^(Ci(fiH.\ y/z*ifIieKffl* 40 comWi. Xf-Vyy^x'xyrfi.. 7^' Uo:ih «J;l.y 

btch.X. O^l-y-zSO. 3 SX'hhmmt «A\ X. ^«fJt LT«i, MUf. ^MIS, Ai& 

L<. Qgl-y-zgO. 2 5X'hi><r>im.\,zntL m^m<r>mi. 7'z^\yy':/y-y9mm-^^yry-v 

\\ 1 - y - z *5HuieiiH*iiiiT-(i. ««fctcffli,^!t bt 9.=.- Y)i'^-9xi^ffmm9^m(r)mk'mm.^ 

i,zmm&(n{&T^^\tmz•fwmb■^^t. ifi. ^ix^'timf^yti. x, mubLxn. mm. x 

[0039] X, *i%BJ<^Ji«i;f-'>A:^-yir;u-7y;>y ^Vyr^^i^Y^ r N 7 1 Hn7 7>^<7)x— r;l^i^^ 

m9t^m^m.^zi.m^Ltim.bLx. "^i^-d^m- 50 i/xf-;phyr$>. n. n-vv^/i/ts/t 
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[0044] X, «mi:LT(i, 7;l^S-'>A. Xf- 
0 0 0;um. ntL<\i5-5 0Qfxm<7)mtmii> 

iLmm'^^tm(7)mMi. i ~ i o o o >u 
[ 0 0 4 5 ] X. iLmmi%^^m\>zini^immim. lo 

iiSl oaft%W±. »^ L<«3 0fil;%l.Xh. S(C 
K^S-ilftfSiT'. ai»9 9. 9««%OT. mL 

ttl%OT. #S L < (± 6 0 M;%WT, 5gt»i L < 20 

j±4oa*%OTt-r*. X. ^msijo-^^nfl^ji. m 

JiLh. mL<\tO. lM«%ULh, Stifi^KJil 
jiS5 0MI-%«T, if^L<{i3 0S«%ttT> 
[ 0 0 4 6 ] X. ftiStt. M^^Jtftti 

/i-ruxmizX 0 ESgWISrff a t {c J: 0 . 30 

[0047] zzx\ m\'^^ii^n.mis^«b ixa. 
mm. 'Ji-^j^. vi-^j^T)\^i=.^j^-^^. HIS. 

t/f. SnO, Sn02 . Sni-, M, O (IVKiHg. 

Si. Ge. XtiSbfJ)'). x{iOgx<l 
X'hh. ) , Sna Oz (OH) 2 . Sns-i Mi O2 40 
(OH)2 (MtiMg. P. S i . Ge. Sb. X 
imnX'h'O. xJiOSxOT'J)^. ) , L i S iO 
2 , S i O2 , L i S n02 ^*WA.iX, X. ^« 

lfhtli>. X, «mt LTJi, ffl, --y^^/l-, XT^y 

( 0 0 4 8 1 LT . mmmmizmmmm'stis^mi 

%m t . m^vm t . mizisi txiEm t nm<DmziY so 



^#^2003-34537 
1 0 

til, 

[ 0 04 9 ] ii-c, mmnrnt lxh. mii£. 
nmmzmm^'^r.itmmm. xti. mmm 

T\ ^mmmmmt lv\ 

10 0 5 0] ^<7)^mmuzinfimmt txit. 

LiCl. Li Br, L i Ci O4 , Li As 
Fe , L i PF$ . L i BFi . Li B (C 
6 Hs ) 4 , LiCHs SO3 . LiCFa SO3 . L 

iN (SO2 CF3 ) 2 , LiN (SO2 C 
2 F5 ) 2 , LiN (SOs CF3 ) 2 . LiC (SO 

2 CF3 ) 3 #*wbii, X. mmtixii. mi 
tf, i;x•?-;^x-f■;^, 1. 2-'Jj(y-^>'Xi'y. 
1, TY-y^Vnyyy^ 2- 

;<^;i^rh5bHD77>. 1. 4-i^^^-fy. l, 
3-=Jt^v^y, 4-^f-;w-i. 3-'J^^v^y 
mcox-Tii'M, A-)<f-)V-2-^y9 ^y^<^'rv 

nh'jf;t^-h^iOxxf/l^. 'J:>^^lVti-:r^^^-V. 
vXf•y^;{r-:^^:t■>-^, ;<f-;l'Xf-;l/;<f-,-K:*.-h, X 

9Vym. 1. 2->''^'OOX:$'>-^0>'NO^r>-ft^-ft 

X)\^ii^yy^ :>^i-)VX)VTt^yymnx)Vt^yy 
mt-^mi. r-t:hxhiJ;K roe^:ih'J;k T^f- 

j;^xf-;i/rsy. x^i^y^rsy, F'Jx:? 

M)xf-;HfcoyyiSXXT-;l^. N. N ->'*;>< f-yp-* 
;l^ATSH, N-;<f-;l^h*niJ h'y, i^?>.^)VX)VTii^ 

[005 1 ] X, ^'"^V-^bLXXt. ;K'Jxf-Uy, 

--K!;f-h7 7;l-j}-nxf-^y, .-KUxxf 

[0052] 

[nsfeM] Jar. ^i&BBSritJifiaitios^jtmf^twc 
\oo33\m.m\ 

')'ir^JMi^b UT<0*S?'fl:y^'5?i*-^WS CL i 
OH • H2 0^b. --y^/l-M-fb-^ltlt LTcOTkK-ft- 
•yir;|, i (OH) 2 J LT 
(D^zmc^yiiy CMnz O3 D tSr. ftiHFWt=f#^> 

ixi.s«y -y ^)i^^y:^ym^mmzmh 

#S^«?)*/Ht-C\ 'J^-^Ali^ CLi] :X.y^r;|,lS 
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^ C N i D : ■^yiiVW.'f CMn]=l. 05:0. 5 
0:0. 5 0i:^SfiS-. *«*twJP;fCH»^i-itg 1 
2. 5*«%<^;^7'J-S:iflSt, ^OX5U-2r.« 

tL.T2 9 0mPa ■Jj.^t'ftoJt. 10 

[ 0 0 5 4 ] iXV^f, t#^.ny'cX7iJ-l:. xrv-V 

ffiS^t J: 0 3 0 0 m/#c7)issar-c-y X;P*>i^iiai§ 

IS^4'T'9 0 0'CT'10^^'r4C:i:fc<J:0. tyl^ 

JtT-, U^'^Al^^ C L i ] : ::i-y:>-;HS^ CN i J : 
vy^'yM^ CMnD =1 . 05:0. 50:0. 50 

u "^^2^- -y ^>i'-?yi:fym-^mitmm^ 20 

[ 0 0 5 5 ] t# ^> il/t U ^ '> A r. ^ryu-? y 

i8iiiffs-a!i«L:tfcc^, mma^ikm^v^^i^-'y 
±mmitmmmmimm {:kikmmm tamsso 

DOS J ) ^fflv->TBETffitzJ:|,Jt«ffi«$rSl^L/:: 

mtMM<r)m5 1 om 1 co/fyxm^xi^v yy 
-izxfi. 2oom y'rLfcm<r>fM^mmf^iy-v 30 

y^mtLXm^lfzkZ^. 1. 12g/ccT'*-5 
C0056]||ffif«Jl 

^•fM«sco*«}3 OOgSrfgKU, *y;!7'7^S;^;l/a 
'■AM-20FSJ S-fflV-J-C, •^y-:h-h-XiOllie 
lit^ 2 0 0 0 r p m t Lt 1 O^J-IS. ffiJSUWlS:^ 

[0057] ni^tifzMWJ f-'^A-.y yfU'?y}>fym 
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1 2 

[ 0 0 5 8 ] X. imm 1 twfcfti. i: mmcoirmx'it^ 
X. miifcmmmmm 5 g sr 1 0 m 1 o;^^ 

xmy(X'^*J yy-HZTJi^ 2 0 OE:? yT Lfef^«^ 

*^«?&S$:^-yrS&efctTi!l^Uv!i:i^. 1. 4 
9 g/c c 19 . itmm 1 (C43{t^S)?S:f|(7):? -y r« 

[0059} mmi 

muitmi 1 Rx/mmm 1 ti#^>ii/;itt 'j -y 

^)U^y:^ym-^m^tMM. mVMb LX<DT-bi-U 
yy^-y^'. St^. ^mmbLXeoni'J7-hyyjl'^\3 
X^U>-«}*$:, 7 5tt«%: 2 0*»% : 5M%0 
fl^t^irSM-C'ii-^L, ttfS9mm£^RjgHtT*>»V^7t 
i:§<7)ia*i*!j8mgi:^|,ff§T'->-MCfigJgL, M 

x-h*^^>E®9inmconjg{cfr*.at:. r/us-'^A 

ffii:LT3-0-fe;I^Srffl;?iL, iitt. lESJffiSO. 2m 

S:»:tt;$-frl.RJESr±IS4. SVTIt*'^ iXv^f. liffi 
??JK0. 2mA/cm2 <0^^tift«. BP^iESit U f- 
'>A-^5j->'S-pK«!§Hi:|,RJS$-TI5g3. 0VClT-:>7ti: 
# <7), iE|gvS!i«3fi*{aS*S^o •) i7)|))^^«§4 c Q s 

(C) (mAh/g) ] . ^mffi§*CQs 

(D) (mAh/g) ) ^iJ^Uc. -?-<OlSD»I«!C«ifS 
CQs (D) (mAh/g) D mSE^EJ^l 1mA/ 
cm2 -CailSUclScm^mCQa (D) (mAh/ 

g) 3 bmz. «lK^L!t, 
[0060] X. CQs (D) 

(mAh/g) atXftH^a CQa (D) (mAh 

/g) D S:, liine^'-yr?gJK*»A>me?^S^:0t8l» 
*]mm««CQs' (D) (mAh/cc)D. 

SVmS^*CQa' (D) (mAh/cc) ] ttr 

[0061] 

[^1] 
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(8) 



1 3 
SI 



!»^2 0 03-34 5 37 
14 

















146.1 


14L0 


Wm^mQs' (D)] OuAh/cc) 


163.6 


2iai 


at li;n^SO. 2idA/cb' 






iWKgfflQaO))] OnAh/g) 
ttS^fiCQa' (D)] (niAh/cc) 
at SSSSAUmA/cni' 


91.88 
102.9 


80.15 
119.4 



. [0062] ULtc^mM 1 1 Hifefiaj 1 £7)^S*-/^ , * 

(> . :i^mcommmizx o t#<iix-g.iijfew i com u 



[0063] 



F:J'-A(##) 4G048 AA04 AA05 ABOl AB03 AC06 
AD03 AD04 AD06 AE05 

5H029 AJ03 AK03 AL02 AL03 AL06 
AL07 AL08 AL12 AM02 AM03 
AM04 AMOS AM07 CJ03 CJ04 
DJ16 DJ17 HJ02 HJ07 HJ08 

5H050 AA08 BA16 BAIT CAOS CA09 
CB02 CB03 CB07 CB08 CB12 
FA17 FA19 GA03 GA04 GA05 
HA02 HA07 HA08 - 
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